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P&R Management Strategy for Well Integrity

Performance & Risk Management

Performance & Risk Assessment

*» Cost
Functions / Stakes e« Environment
* Heath & Security
* Image

Risk Treatment

Actions
« Containment

Characterization Modeling Monitoring
« Well location, status & « Cement degradation » Corrosion rate
Completion diagrams ” + Casing corrosion <N . Ccrment de-bonding and attack
« Completion integrity » CO, migration * CO, presence & fluxes
assessment * Alarms
Materials & Interventions
TOOIS & TeCh NoO I Og |eS » CO,-resistant completions
 Remedial interventions
» Well Plugging
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Performance & Risk Assessment - Workflow
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Quantification of
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Quantification of

semonn > |Ntegrity of Completion During Operation
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Response of wells to injection operation (effects of P and T variations)
= Micro-annulus
= Fractures in the cement sheath
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Quantification of

= Modeling Degradation and Transport

Cement behavior

-Cement leaching
-Phase changing

-Reactive porous mechanics
-Physico-mechanical coupling
-Initial state

-Steel corrosion ] i
Steel stability ——
-Steel perforation
-Physico-mechanical coupling
-Micro-Annulus formation

Steel behavior

Transport

-Transport phenomena
(advection + diffusion)

-Gas migration .
-Porosity, capillary pressure
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Quantification of

s EStIMAtion of Leakage Rates
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Risk Ranking &
Performance
Evaluation

Risk Mapping

Objectives:

= Eliminate critical scenarios
= Get the best Cost / Benefit on risk management
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P&R Management Strategy for Well Integrity

Performance & Risk Managemer

Performance & Risk Assessment

» Cost
Functions / Stakes  « Environment

Actions
« Containment

Characterization Modeling Monitoring
« Well location, status & « Cement degradation » Corrosion rate
Completion diagrams ” + Casing corrosion <N . Ccrment de-bonding and attack
« Completion integrity » CO, migration * CO, presence & fluxes
assessment * Alarms
\

Materials & Interventions
TOOIS & TeChn()IOg |eS » CO,-resistant completions

» Remedial interventions
» Well Plugging
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Actions — Monitoring

The 3D UCT images depict severe exterior corrosion in the outside of the casing wall
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The hole in the casing shown above is clearly visible in the amplitude image in the UCT log

Debonding
steel/cement interface

Channeling Corrosion
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Actions — CO,-Resistant Materials (Cement)

Standard Portland Cements degrade in CO, environments
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Actions — Material for Squeeze Jobs
Well-dispersed micro-cement

Placement of a special material to
seal long and thin discontinuities
= Microannulus
= Channels

= Fractures

injection point

Multimodal slurry
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Actions — Well Plugging

= Material
= Placement
= Monitoring

Plug design 1

PPPPP

P = 300 bar




Action Selection — A Guide to Decision

* Initial design
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Conclusion

Performance & Risk Management:

= Provides a framework for CO, storage control (Safety and Economics)
— Selection / Evaluation / Closure
— Cost effective risk management
— Support for decision making (including P&L, regulations, image)
— Communication tool

= Requires integrated tools
— An assessment methodology
— Modeling tools
— Characterization and Monitoring Measurements

= Applies to Well Integrity and beyond

=
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